Background: Percutaneous liver biopsy (PLB) is a procedure extensively used for diagnosis or treatment assessment of hepatic disease in childhood. The purpose of this study was to evaluate the safety and effectiveness of US-guided PLB in infancy.
Introduction
Percutaneous liver biopsy (PLB) is a procedure extensively used for diagnosis or treatment assessment of hepatic disease in childhood [1] [2] [3] [4] .
Despite its well-established advantages, only few experiences in literature specifically evaluated the safety and morbidity of this procedure in infants younger than 1 year. Some evidence suggests that the risk of bleeding requiring transfusion may be higher in children than in adults [5] [6] .
The procedure can be done in different ways: a blind approach, relying on physical examination and anatomical landmarks to determine the site of puncture, or a guided ultrasound (US) approach that can be used to mark the optimal site or to obtain real-time sonographic images for optimal orientation, which has been advocated to reduce the risk of complications [7] [8] [9] [10] .
In fact, a lower frequency of complications, such as pneumothorax, bowel and gallbladder perforation, has been reported when US guidance is used [11] [12] [13] .
The purpose of this study was to evaluate the safety and effectiveness of US-guided PLB in infancy in a single Center of Paediatric Surgery.
Methods
Medical records of all infants under 1 year of age who underwent an US-guided PLB between January 2011 and December 2015 were reviewed. Data were retrospectively collected from patients' charts, laboratory results and pathology reports. The recorded information for analysis included demographics (age, sex, birth weight, gestational age and weight at surgery), clinical indication for biopsy, number of passes performed, number of cores obtained, adequacy of the samples for a correct diagnosis, surgical time, diagnosis.
Laboratory tests performed in the 48 hours previous to the biopsy included haemoglobin, platelet count, prothrombin time/International Normalized Ratio (INR), and activated partial thromboplastin time ratio (aPTT ratio). Typing and cross-matching for blood were routinely performed. If required, coagulation and hematologic abnormalities were corrected (parameters accepted: INR, ≤ 1.2; aPTT ratio ≤ 1.2 and platelets > 50.000).
All biopsies were done in the operatory room under general anaesthesia by the same team of experienced paediatric surgeons using sonographic guidance in inpatient infants. Informed consent was obtained from the parents. The setting of the operatory room was as follows: patient in supine decubitus, monitor at the head of the infant on the right side, surgeon and scrub nurse on the right side of the patient. A preoperative intravenous large-spectrum antibiotic profilaxis (50 mg/kg ceftriaxone i.v.) was administered for each infant.
A liver US was obtained to determine a safe needle pathway, avoiding interposing bowel, gallbladder, or major intraparenchymal hepatic vessels and ducts. The right lobe of the liver was sampled using a sterile technique through either a right subcostal mid-axillary approach as primary choice or through the last intercostal space on the right mid-axillary line in presence of interposed abdominal organs. The skin was scrubbed with 2% Clorexidine and subcutaneous tissues were infiltrated with Lidocaine 1% -0.5 mL/kg, and a small incision (2 mm) with a number 11 scalpel blade was made [14] . A disposable 16G x 90 mm automated needle was used in all procedures ( Figure 1 ). hour, every 30 minutes for the next 2 hours, and every hour for the next 3 hours. Haemoglobin checks by indwelling intravenous catheter are obtained 3 hours after biopsy. In fact it is described that 61% of complications occurs within the first 3 hours after the procedure [16, 17] . Oral feeding is started in case of normal clinical and haemathological findings.
The incidence of complications related to the biopsy was evaluated. Complications were divided into minor or major according to the guidelines for imaging-guided percutaneous biopsy [16] . In particular, major complications were defined as death, haemorrhage requiring transfusion, need for catheter directed embolization or surgical intervention, haemobilia, bile leak, gallbladder perforation, haemothorax and pneumothorax. Minor complications were defined as pain requiring analgesia, asymptomatic subcapsular hematoma, fever and vomiting [11, 16, 19, 20] .
Postoperative coagulation studies (haemoglobin; aPTT ratio; platelet count; and prothrombin time/ INR) were recorded and compared to preoperative ones.
The complication rate was evaluated with descriptive statistics. Comparison between haematological values before and after the procedures was performed using Student t-test. A p-value <0.05 was considered significant.
Result
In the studied period, among 62 children who underwent USguided PLB in our Institute, 24 (39%) were infants younger than 1 year of age. Twenty-four biopsies were performed, one for each patient.
Fifteen (62.5%) of the infants were boys. The mean age was 89 days (range 33-304 days; median 76 days) and the mean weight was 5.7 kg (range 3.1-9.7 kg; median 5.4 kg). The mean gestational age at birth was 37.6 weeks (range, 26-42 weeks; median, 39 weeks) and the mean birth weight was 3.007 kg (range, 1.6-4.2 kg; median 3.150 kg). All the biopsies were performed under general anaesthesia. All patients had a normal or corrected coagulation profile (INR≤ 1.2; aPTT ratio ≤ 1.2 and platelets > 50,000) before the procedure.
The clinical indication for biopsy was neonatal cholestatic liver disease [21] .
All biopsies were successfully performed percutaneously with no need of conversion to open or laparoscopic surgery. The mean number of passes was 1.7 (range 1-6; median 1), the mean number of samples was 1.2 (range 1-2; median 1). The biopsy core mean length was 1 cm (range 0.4-1.7 cm; median 0.8 cm). The subcostal approach was preferred in 21 cases (87%), while the intercostal in 3 (13%). None of the patients had minor or major complications. All biopsies provided enough liver or target tissue for analysis, giving a technical success rate of 100%. None of the infants had a biopsy repeated because of inconclusive pathology or unsufficient tissue.
Differential diagnosis included: biliary atresia (10 cases, 42%), glycogen storage disease (5 cases, 21%), total parenteral nutrition (TPN) cholestasis (3 cases, 12%) neonatal hepatitis (2 cases, 9%) and follow-up for neonatal hemochromatosis The biopsy needle was advanced under US guidance to the edge of the liver, fired during end inspiration and removed. Samples were obtained and sent for analysis. The number of passes performed through the liver and the adequacy of the biopsy sample were established at the operatory table by the surgeon performing the biopsy. In fact, the visual inspection of the hepatic fragment gives the evidence that enough histological material has been obtained [15] . As a consequence, if the surgeon was not satisfied with the size of the specimen, he could decide to perform another pass in the same session. Biopsies were considered "technically successful" if a sufficient liver sample was provided for analysis. Adequacy of the amount of tissue was assessed by reviewing the pathology reports. The length of the biopsy sample was also recorded.
After the procedure, compression was applied to the skin overlying the biopsy site to achieve satisfactory haemostasis. A right side decubitus was preferred to favour mechanical haemostasis.
All patients were kept in the hospital for observation at least 24 hours after the procedure. The protocol applied in our Center for post-PLB monitoring includes recording vital signs (SaO2, heart rate, blood pressure and diuresis) every 15 minutes for 1 postchelation therapy (1 case, 4%) [22] . In 3 patients (12%) a hepatic pathology was excluded.
The mean haemoglobin level was 11.7 g/dL (range.8.9-15.9, SD ± 2) before the biopsy and 10.8 (range 6.7-17; SD ± 2.5) after the biopsy (p=0.13). No significant difference in the platelet count, prothrombin time/International Normalized Ratio (INR), and aPTT ratio were recorded between pre-and post-operatively (p=0.27; p=0.5; and p=0.5; respectively). None of the infants required transfusion nor repeated US within the first 24 hours after the biopsy. No deaths occurred in our series.
Discussion
The acquisition of adequate liver tissue is mandatory for accurate diagnosis of liver disease and to correctly influence treatment decision. Even though in recent years non-invasive diagnostic methods, such as MRI, have been proposed as alternatives to liver sampling, liver biopsy remains an invaluable diagnostic tool especially in children and infants with atypical clinical features [3] . A 93% accuracy rate has been described in infancy for PLB [23] .
PLB is a procedure extensively used for diagnosis or treatment assessment of hepatic disease in childhood. Despite its well-established advantages, only few experiences in literature specifically evaluated the safety and morbidity of this procedure in infants younger than 1 year [24] [25] [26] .
We retrospectively reviewed the experience of our Center to evaluate the feasibility, efficacy and safety of this procedure in patients less than 1 year of age.
Neither minor nor major complications were recorded in our series. These findings show better results compared to other experiences in literature, where the prevalence of complications after liver biopsy in the paediatric population varies from 2.8 to 5% [5] .
One of the explaining factors may be related to the presence of dedicated experienced surgeons in our Institute. In fact, as suggested in literature, experience matters in reducing significant complications and liver biopsies should be performed only by specialists who have received appropriate instruction and supervision [25, 26] . Technical skill is related to the number of procedures performed. As a consequence, to reach an adequate amount of experience, it's crucial that the physician who does PLB in infants regularly performs this procedure also in the older paediatric population. The second and probably most significant factor is represented by the routinary use of US during the procedure. In fact, US may help in reducing the inadvertent puncture of major vascular and biliary structures as well as bowel. In our series, no pneumothorax, haemothorax, bile leak, bowel perforation, peritonitis, sepsis, pneumoperitoneum, or pneumoscrotum were observed. This is most likely related to the ability of US to directly visualize the trajectory of the needle in the liver and to avoid major structures such as the main bile ducts, bowel, gallbladder, and lungs. Lindor et al. published the results of a randomized trial comparing blind versus USguided PLB and showed a decreased rate of hospitalization, hypotension, and bleeding in the US-guided group [10] . Nobili et al., in a retrospective review of PLBs in children, also reported a significantly higher incidence of haemorrhagic complications and technical failure in unguided biopsies in comparison with sonographically guided biopsies [8] . Furthermore, several authors in the adult literature reported a significantly higher incidence of complications when sonographic guidance was not used (2.2-7.7% vs. 0.5-2%) [3, 6, 12, 20, 29] .
Riley TR et coll. report the need to change the site of biopsy in 15.1% of patients after US for the interposition of lung, gallbladder, vessels, ascites or colon [30] .
Actually, US-guided PLB represents the technique of choice in the paediatric age [31] . In childhood, US are preferred to CT guided biopsy because US provide real time imaging, with absence of ionizing radiations, portability and decreased costs.
Regarding the financial cost related to the addition of US to the procedure, Younossi et al. and Pasha et al. showed that the cumulative cost for all patients is less than the potential cost for treatment of major complications [3, 6] .
As regards the site of the puncture, the subcostal approach may represent a further factor reducing the occurrence of complications. The subcostal approach was feasible in the majority of our infants (87 %). Through it, the needle is inserted in a longitudinal plane, parallel to the course of the main biliary and vascular structures, reducing the probability to hurt them compared to the perpendicular puncture of an intercostal approach. In fact, the sub-costal approach seems to have minor risks of complications as compared to the intercostal one [32] . The US probe is kept coaxially to the needle. Tilting the probe helps in following the progression of the needle inside the liver during the whole procedure. In this way the manoeuvre results safe, similarly to the "in plane" US insertion of central lines in children [33] .
We therefore suggest following a parallel orientation of the puncture when possible also in those infants where a subcostal approach may not be applicable. Finally, the subcostal puncture may also facilitate the surgical approach in case of severe bleeding not responding to conservative treatments.
Because haemorrhage is the most common complication after US-guided liver biopsy, evaluating the patient's bleeding history, blood parameters, and coagulation profile is paramount. As regards the post-operative course, a strict cardio-respiratory, pressure and haematologic monitoring is mandatory. In the present series no significant differences in haemoglobin, platelet counts and prothrombin time/International Normalized Ratio (INR), and partial thromboplastin time were recorded before and after the procedure.
In our series, all samples provided sufficient liver tissue for analysis using the automated 16-gauge size needle. Samples of 0.4 cm seem sufficient to establish a precise diagnosis. Similar adequacy was shown by other groups performing US-guided percutaneous liver biopsies [11, 34, 35] .
Apart from the effectiveness of the procedure, the automated needle appears practical in allowing for the performance of the procedure with a single hand, while keeping the US probe in the other hand. This represents some clear advantages. In particular, doing the procedure alone the physician can reach a better orientation of the probe, better ergonomics and, wrapping the probe in a sterile coating, better asepsis.
All patients of the studied population were admitted for at least 24 hours of clinical observation. This policy is taken in agreement with the position statement on outpatient percutaneous liver biopsy provided by the North American Society for Paediatric Gastroenterology and Nutrition (NASPGHAN) from 1996. In this review, NASPGHAN suggests that patients at early infancy are at significantly higher risk of a complication or poor outcome and are not considered candidates for outpatient percutaneous liver biopsy [5] .
In conclusion, US-guided PLB using automated biopsy guns provides adequate samples for accurate diagnosis and is clinically effective in infants younger than 1 year. Despite the procedure is not risk free, we think that it could be part of the panel of cultural and technical surgical skills of adequately trained paediatric surgeons. Further, multicenter, prospective studies are necessary to better assess the risks of PLB in this age group.
